ABSTRACT -Background -Several scoring was developed for evaluation of children with fecal retention using plain radiograph. There are controversies about specificity and sensitivity of these scoring system. Objectives -The aim of this study was to evaluate Barr, Blethyn, and Leech score in evaluation of fecal load in plain radiograph. Methods -This case control study was conducted on children aged 2-14 years old with abdominal pain who visited Abuzar children's Hospital of Ahvaz University of Medical Sciences. This study was conducted in fall season. Children with history of previous abdominal surgery, any systemic illness including sickle cell anemia were excluded. Children with constipation were placed in case group. Subjects without constipation were placed in control group. Subjects without exclusion criteria were examined by physician who is blind to aim of the study. Careful history and physical examination was done. Demographic features, history of gastrointestinal problem, duration of abdominal pain, defecation habit, stool consistency (loose, hard), and results of physical examination were recorded. Rome III criteria was used for definition of constipation. Abdominal x-ray was ordered for each patients. Abdominal radiography was reviewed by radiologist. Barr, Leach, and Blethyn scores were calculated for each case. Results -In this study 102 children with functional constipation and 102 children without constipation as a control were included. Mean ±SD for case and control group was 68.39±34.88 and 69.46±32.60 (P=0.82). Leech score (mean ±SD) was 11.05±2.177 and 5.67±3.228 for case and control group respectively (P<0.0001). Barr score (mean ±SD) was 14.86±3.54 and 7.16±5.59 for case and control group respectively (P=<0.0001). Blethyn (mean ±SD) score was 1.97±0.667 and 1.04±0.900 for case and control group respectively (P=0.000). Sensitivity and specificity of Barr score was 83% and 79% respectively. Sensitivity and specificity of Leech score was 92% and 80% respectively. Sensitivity and specificity of Blethyn score was 79% and 92% respectively. Conclusion -Barr, Blethyn and Leech scores were significantly higher in children with abdominal pain and constipation in contrast to children with abdominal pain and without constipation. Sensitivity of Leech score was more than Barr and Blethyn scoring systems. Specificity of Blethyn score was more than Barr and Leech score. HEADINGS -Constipation. Child health. Abdominal pain. X-ray. Encopresis. Fecal impaction.
INTRODUCTION
Constipation is a frequent gastrointestinal problem in children which has a prevalence between 16-34% in different studies (9, 10, 17, 18, 19) . History and careful physical examination are sufficient for diagnosis of functional constipation, but some physician ordered abdominal x-ray for evaluation of fecal material which was impacted in the abdomen (6, 8, 14) . We saw many cases from low socio economic status who are not collaborative for history and physical examination. In these cases, diagnosis of constipation according to Rome III criteria are not possible. In these case, plain roentgenogram may be helpful for assessment of fecal load.
In the study by Barr et al. on 30 children with constipation and 12 children without constipation, sensitivity and specificity of radiologic evaluation was 80% and 90% respectively (1) . In another study by Leech et al., there was significant difference between scores of children with constipation and without constipation with sensitivity and specificity which was 76% and 75% respectively (13) . In a systematic review by Berger et al., they did not find sufficient evidence for role of plain abdominal x-ray in diagnosis of functional constipation in children (4) . There was a controversy regarding reliability of three scoring system. Plain abdominal radiograph is a simple method which omit stressful examination, digital rectal examination, for uncooperative child.
Because these controversies and there was no such study in our country, the current study was carried out to reevaluate these scoring system in diagnosis of stool impaction using Barr, Blethyn, and Leech score.
METHODS
This case control study was conducted on children aged 2-14 years old with abdominal pain who visited Abuzar children's hospital of Ahvaz university of medical sciences. Children with constipation were placed in case group. Children without constipation were placed in control group. This study was conducted in fall season. Children with history of previous abdominal surgery, any systemic illness including sickle cell anemia were excluded. Subjects without exclusion criteria were examined by physician who is blind to aim of the study. Careful history and physical examination was done. Demographic features, history of gastrointestinal problem, duration of abdominal pain, defecation habit, stool consistency (loose, hard), and results of physical examination were recorded.
Rome III criteria was used for definition of constipation (9, 18) . Abdominal x-ray was ordered for each patients. Abdominal radiography was reviewed by radiologist. Barr (1) , Leach (13) , and Blethyn (5) scores were calculated for each case. Bar et al. developed a scoring system based on both the quality and quantity of stool in the ascending, transverse, descending colon and rectum (Barr et al., 1979) . "The quantity of stool in ascending (0,1 or 2 points), transverse (0,2 or 5 points) and descending colon (0, 3, 4, or points) and the rectum (0, 2 or 5 points) is assessed and summated. The quality of the retained stool is expressed in scybala (0, 1, 2, or 3 points) and granular feces (0, 2, 4, or 5 points). A total sum of more than 10 points indicates constipation.
A simplified scoring method is provided by Blethyn et al. (5) . They classified plain abdominal radiographs using a diagram with four different grades of fecal loading. Grade 0 (normal) describes the presence of feces in the cecum and rectum. Grade 1 also shows discontinous feces elsewhere in the colon (mild). In grade 2 (moderate) feces is present in all segments of the colon. Finally, grade 3 (severe) shows continous feces in all segments with a dilated colon and rectal impaction.
Leech score was based on the total colon was divided into 3 part; right, left, and rectosigmoid colon (13) . Leech score system assigned 0 point if no stool was ever observed, 1 point if a small amount of stool was observed, 2 points if a moderate amount of stool was observed, and 3 points if stool was seriously delayed.
This study was approved by ethical committee of Ahvaz Jundishapur University of Medical Sciences.
Statistical analysis
Statistician was blind to the aim of the study. Analysis was done with SPSS version 16.0 (Chicago, IL, USA). Independent sample t-test and Chi-square was used for comparison for quantitative and qualitative variables respectively. ROC curve was plotted for diagnostic accuracy of Barr, Leech, and Blethyn scores.
RESULTS
In this study 204 children (boy=83, girl=121) with mean age 68.92±33.68 months were included. Of 204 children, 102 were case and 102 were control. Mean age of case and control group were 68.39±33.48 months and 69.46±32.60 months respectively (P=0.82). Of case and control groups, 38.2% and 43.1% were boys respectively (P=0.47).
Duration of abdominal pain was significantly longer in case compared to control group(P<0.0001) ( Table 1) . There was significant difference between case and control in terms of defecation pattern (P<0.0001). Difficulty in defecation was present in 64 (62.7%) of case versus 23(22.5%) of control which was statistically significant (P=0.000). There was no guarding in physical examination in both case and control group. Rigidity was not found in case and control group. Results of digital rectal examination was significantly difference between case and control. There was significant difference between case and control regarding to Barr (P<0.0001), Blethyn (P<0.0001), and Leech score (P<0.0001) ( Table 2 ). Diagnostic accuracy of Barr scoring system was 87% in our study. If score >11, sensitivity and specificity was 83% and 79% respectively. Diagnostic accuracy of Leech scoring system was 90% according to our study. If score >9, specificity and sensitivity will be 80% and 92% respectively. Blethyn scoring system had diagnostic accuracy about 78% in diagnosis of functional constipation in children. Sensitivity and specificity of Blethyn score was 79% and 92% respectively if score >2. Result of ROC curve were shown in Figures 1-3 . According to Figures 1-3 , sensitivity of Leech score was higher than others. Also, sensitivity of Blethyn score was lower than other systems. Diagnostic accuracy of Barr scoring system was 87% in our study. If score >11, sensitivity and specificity was 83% and 79% respectively. Another study recommended Barr score as a useful in diagnosis and also response to treatment of fecal impaction in children (7) . In the study by Beckmann et al., sensitivity and specificity was 77% and 35% respectively (2) . Pensabene et al. reported sensitivity and specificity of 75% and 48% respectively (16) . Specificity of Beckmann et al. and Pensabene et al. studies were significantly lower than our study. Benninga et al., in their study showed that abdominal radiograph, even when assessed with the Barr-score is unreliable in diagnosis of constipation (3) . This difference may be due to difference in mean age of sample of above studies.
Diagnostic accuracy of Leech scoring system was 90% according to our study. If score>9, specificity and sensitivity will be 80% and 92% respectively. Leech et al. reported sensitivity and specificity were 76% and 75% respectively (16) . Pensabene et al. reported sensitivity and specificity of Leech score 57% and 74% respectively (16) . The result of our study and Leech et al. (13) study was similar. In our study, cut off value of leech score was >=9 in 92.2% of cases (11.04±2.1). Cut off value of barr score in 97.1% of cases were >=10 (Table 3) . Cut off value for Blethyn score was 2. Koh et al. showed that Leech score is a simple and useful method for evaluation and follow up of fecal impaction in children (12) . Koh et al. also reported that there is significant association between Leech scoring system and defecation frequency or abdominal pain (12) . In the study by Moon et al. on patients after stroke, they showed significant correlation between Leech score and constipation score (15) . In our study, Blethyn scoring system had diagnostic accuracy about 78% in diagnosis of functional constipation in children. Sensitivity and specificity of Blethyn score was 79% and 92% respectively if score >2. Blethyn et al. on their study found radiography had 80% accuracy in diagnosis of functional constipation in children (5) . The results of two studies were similar. Jackson et al. studied 98 radiograph from 53 children (11) . In the study by Jackson et al., they showed moderate diagnostic accuracy for Blethyn; and hence is not recommended as a useful modality for assessment of constipation (11) . Summary of other studies were included in Table 4 .
As shown above there is controversies about usefulness of Barr, Blethyn, and Leech score for evaluation and follow up of fecal impaction in children. Age of the cases in above studies were different. Beckmann studied children aged 2-12 years old (2) . Leech et al. included infant aged 1 month to children aged 14 years old (13) . Benninga et al. studied children aged 5-14 years (3) . In the current study, children aged 2-14 years were included. This difference in the age range may be the cause of different results in sensitivity and specificity of scores.
Barr, Blethyn and Leech scores were significantly higher in children with abdominal pain and constipation in contrast to children with abdominal pain and without constipation. Sensitivity of Leech score was more than Barr and Blethyn scoring systems. Specificity of Blethyn score was more than Bar and Leech score. More studies are required for better conclusion. 
Authors' contributions
Rezazadeh A and Tahmasebi M: interpretation of radiography. Chahardahcherik F: data collection and writing the draft of article. Sadjadei N: revaluation of the patients and interpretation of radiologic findings. Javaherizadeh H: main idea and revision of the manuscript. Yavarahmadi MH: data collection and writing the draft of proposal. 
